The present investigation was conducted in the Agronomy field laboratory of Bangladesh Agricultural University, Mymensingh, Bangladesh during May 1999 to August 1999 to reveal the food and feeding habits of Amblypharyngodon mola in the rice field ecosystem. Percentage of frequency of occurrence and percentage in number methods were used for the qualitative and quantitative estimation of plankton population. Results showed that, during the present study, the water quality parameters were within the suitable range for optimal fish growth and plankton population was abundant in the water of the rice plots. Gut content analysis of A. mola revealed a sum of 32 genera of phytoplankton belonging to Chlorophyceae (17), Euglenophyceae (2), Cyanophyceae (7) and Bacillariophyceae (6) and 8 genera of zooplankton under Rotifera (3), Cladocera (2) and Copepoda (3). In general, Navicula, Fragilaria, Chlorella, Chrysococcus, Closterium, Oscillatoria and Gomphosphaeria were found abundant both in the water of the rice plots and in the gut contents of A. mola indicating that, these genera are preferred food of this fish in the rice field ecosystem. Gut content analysis also exposed that, phytoplankton was the major food item constituting 94.38% of the gut contents' composition of A. mola whereas zooplankton comprised only 5.62%. The results of this study conclude that, the A. mola is planktivorous in nature, feeding mostly on phytoplankton and could be a suitable species for integrated rice-fish farming.
Introduction
Rice and fish have been an indispensable part of the life of Bangladeshi people from time immemorial. Rice and fish are the staple foods of the Bangladeshi people. In Bangladesh, rice is the main agricultural crop with an annual production of over 29 million tons (BRKB, 2010) , whereas annual fish production is 3.06 million tons per annum (FRSS, 2012) . The demand for rice and fish is continuously increasing in the Our Nature (2013), 11(1): 61-75 country with virtually three million people being added each year to the population of the country (Chowdhury, 2009 ). Nonetheless, integrated rice-fish farming offers a solution to this problem by contributing to food, income and nutrition. The total area of rice fields in Bangladesh is about 10.14 million ha with further 2.83 million ha of inundated seasonal rice fields where water remains for about 4-6 months (BRKB, 2010) . The carrying capacities of these lands and waters are not fully utilized, thereby exists remarkable scope for increasing fish production through integrating aquaculture (Wahab et al., 2008) . Integrated rice-fish production can optimize resource utilization through the complementary use of land and water (Frei and Becker, 2005) . In addition, integration of fish with rice farming improves diversification, intensification, productivity, profitability, and sustainability (Ahmed et al., 2007; Nhan et al., 2007) . It is now proved that integrated rice-fish farming is ecologically sound since fish improve soil fertility by increasing the availability of nitrogen and phosphorus (Giap et al., 2005; Dugan et al., 2006) . On the other hand, rice fields provide fish with planktonic, periphytic and benthic food (Mustow, 2002) . However, rice-fish farming remains marginal in Bangladesh mainly due to socioeconomic, environmental, technological, and institutional restraints (Nabi, 2008) . Nonetheless, some of the small fishes are presently being cultured in the rice fields along with rice. A. mola is one of the indigenous small fishes that are now getting popularity in rice-fish farming.
The Mola carplet, Amblypharyngodon mola is an indigenous small fish species widely distributed in the rivers, canals, haors, baors, lakes, ponds, beels, floodplains, slow moving streams, and paddy fields of Bangladesh, India, Myanmar, and Pakistan (Talwar and Jhingran, 1991) and is also reported from Afghanistan (Coad, 1981) . The Mola carplet is a popular food fish in Indian subcontinent because of its good taste and high nutritive value (Saha and Hossain, 2009 ). Nevertheless, the potential threats to this species are yet to be identified and therefore the Mola carplet is categorized as least concerned by IUCN (Chaudhry, 2010) .
However, for efficient rice-fish farm management as well as optimum fish production from a certain environment, it is prerequisite to know the food and feeding habits of the selected fish species for interspecific relationships. Though a few studies on the food and feeding habits of the Mola carplet from different water bodies are available in the literature (Mamun et al., 2004; Gupta and Banerjee, 2013) , reports from rice-fish farming are evidently lacking. Therefore, the objectives of the present study were to investigate the food and feeding habits of A. mola in the rice-fish ecosystem in Mymensingh, Bangladesh.
Materials and methods

Experimental design and land preparation
The present study was conducted in the Agronomy field laboratory, Bangladesh Agricultural University, Mymensingh (24°75′N, 90°50′E), Bangladesh from May 1999 to August 1999. The experimental site was selected in a relatively low land area within the deep tube-well irrigation facilities and consists of 2 experimental plots each with an area of 0.02 ha. Small water channels (0.70 × 0.30 m 2 ) were made between the plots to ensure water supply to the plots from deep tube-well. A 0.70 m high and 0.50 m wide embankment encircling the experimental plots were made to keep the plots free from flood during heavy rainfall. In addition, one common inlet and outlet was provided on the dykes of each plot to regulate water depth and bamboo poles were placed to prevent invasion of wild fish and escape of stocked fish. The land was ploughed properly with power tiller and country plough and then leveled properly by laddering to keep even water depth throughout the plots. To provide refuge to the stocked fish during high water temperature and low water level, a small ditch and a trench connecting the ditch were constructed in each plot. The area of each ditch was 4 m 2 with a depth of about 70 cm. The width and depth of the trenches were 40 cm and 30 cm, respectively which were almost similar to the commonly practiced rice-fish farming in Indonesia (De la Cruz, 1992) and Bangladesh (Mazid et al., 1992) .
Fertilization
The rice plots were fertilized with urea, triple super phosphate (TSP), muriate of potash (MP) and gypsum at the rate of 200 kg/ha, 150 kg/ha, 75 kg/ha and 166 kg/ha, respectively. All inorganic fertilizers except urea were applied evenly to the plots 2-3 days before transplanting the rice seedlings during the final ploughing and leveling. Whereas urea was applied after 15, 55 and 70 days of transplanting rice seedlings with one third of total dose during each application.
Transplantation of rice seedlings
The high yielding variety of rice BR-2 having resistant power to insects and diseases was selected for this experiment. The rice seedlings were raised in a separate seedbed near the experimental plots. Forty days old seedlings were uprooted carefully for transplantation in the experimental plots. Then the rice seedlings were transplanted on 18 May 1999 in alternate rows with spacing of 35 cm + 15 cm according to Hossain et al. (1990) .
Stocking of fish fingerlings
Fingerlings of A. mola were stocked in the rice plots 20 days after transplantation of rice seedlings. In both the plots, fingerlings of A. mola were stocked at a rate of 20,000/ha. The mean initial length and weight of the fishes were recorded at the time of stocking. For maintaining suitable water depth in the rice fields for fish water was supplied regularly from the deep tubewell. During the study period no supplementary feed was given to the fish.
Monitoring of water quality parameters
During the study period water temperature was recorded with a Celsius thermometer. Dissolved oxygen (DO) and pH were measured directly by using a digital electronic oxygen meter (YSI, Model 58) and pH meter (Jenway, Model -3020), respectively. Total alkalinity was determined using methyl orange indicator and standard EDTA solution by titrimetric method. These parameters were recorded weekly and the average values were noted each month. The concentration of nitratenitrogen (mg/1) and phosphate-phosphorus (mg/1) of water samples were determined in laboratory after filtering the water samples taken from each rice plot by using a spectrophotometer (Hack DR -2000) and reagent pillow nitrover and phosver-3.
Chlorophyll a (µg/l) was measured from the filter paper (Whatman GF/C) used for filtering the water samples. The filter paper was dissolved in 10 ml acetone and made ready for the analysis of chlorophyll a. Later chlorophyll a was determined by using a spectrophotometer (Milton and Roy Spectronic, Model -1001) at 664 and 750 nm wavelengths. These parameters were recorded fortnightly and then average values were noted for each month.
Plankton study from the water sample
Ten liters of water sample were collected fortnightly from different areas and depth of the water of the rice plots and passed through fine meshed (25 µm) plankton net. Filtered samples were taken in a measuring cylinder and carefully made up to a standard volume of 50 ml. Then the collected plankton samples were preserved in 5% buffered formalin solution in small plastic vials for subsequent studies. From each 50 ml preserved sample, 1 ml sub-sample was examined using a Sedge-wick-Rafter cell (S-R-cell) under a binocular microscope (Olympus, Model B-2, with phase contrast facilities). The counting chamber of the S-R-cell is equally divided into 1000 fields each having a volume of 0.001 ml. Ten square fields of the S-R-cell chosen randomly and all planktonic organisms of these fields were counted and expressed numerically as per liter of water. Calculation of plankton samples was done by using the formula of Stirling (1985) as N = (A×1000×C) / (V×F×L), where, N is the number of plankton cells or units per liter of original water, A is the total number of plankton counted, C is the volume of final concentrate of the samples in ml, V is the volume of field in cubic ml, F is the number of fields counted and L is the volume of original water in liter.
Plankton study from the gut contents of A. mola Thirty fishes were sampled fortnightly from the plots during study to determine the food and feeding habits. Immediately after sampling the fishes were preserved in 10% formalin solution. At first the length of the individual fish was recorded in cm. Then the stomach of each fish was dissected out and the contents of it were removed very carefully on Petridish. Only the anterior portion of the digestive tract lying between the oesophagus and the first major curve of the small intestine of entire gut was taken for this investigation (McComish, 1967; McKehni and Penner, 1971; Dewan, 1973) . Food contents of the gut were diluted in 5 ml distilled water. 1 ml sub-sample was transferred by a pipette to an S-R-cell. Ten fields out of 1000 fields of the counting cell were counted and multiplied by 500 to get the total number of plankton in the gut. By using a binocular microscope all organisms were counted and identified up to genus level. Then the occurrence of each and every food item in the individual gut was recorded. The gut contents were analyzed using the following methods: i. Occurrence method (Hynes, 1950) : where the number of fish in which each food item occurred was listed as percentage of the total number of fish examined. ii. Numerical method (Hynes, 1950) : where the number of individuals of each food item were recorded and expressed as percentage of the total number of organisms found in all the fish examined.
Results
Water quality parameters in rice field
Monthly values of the water quality parameters including water temperature, dissolved oxygen (DO), pH, total alkalinity, chlorophyll a, nitrate-nitrogen and phosphate-phosphorus are given in table 1. The water temperature ranged from 27.33°t o 29.40°C, dissolved oxygen from 4.01 mg/1 to 4.40 mg/1, pH from 6.26 to 7.31, total alkalinity from 34 mg/1 to 90 mg/1, chlorophyll a from 11.73 µg/1 to 22.73 µg/1, nitrate-nitrogen from 2.05 mg/1 to 3.16 mg/1 and phosphate-phosphorus contents from 0.17 mg/1 to 0.90 mg/1 during the study period.
Plankton population in the water of rice plots
The plankton populations in the water of rice fields were identified and enumerated up to genus level (Tab. 2). The phytoplankton populations recorded were divided into 4 broad groups viz, Chlorophyceae, Euglenophyceae, Cyanophyceae and Bacillariophyceae. Out of 37 genera of phytoplankton recorded during the study, 19 were belonged to Chlorophyceae, 2 to Euglenophyceae, 10 to Cyanophyceae and 6 to Bacillariophyceae. In addition, a total of 11 genera of zooplankton were recorded in the rice field under the groups Rotifera, Cladocera and Copepoda (Tab. 2).
Among the phytoplankton populations, Chlorophyceae was found to be the most dominant phytoplankton group (8.5×10 3 cells/l and 38.23% out of all the plankton) followed by Bacillariophyceae and Euglenophyceae. Consequently, Rotifera was found to be the most dominant group of zooplankton (3.5×10 3 cells/l in number and 15.63% out of all the plankton) followed by Copepoda and Cladocera (Tab. 3).
Generic abundance of phytoplankton population in the water of rice plots
In the water of the rice plots, the dominant genera of phytoplankton recorded were Chlorella (3.22%), Scenedesmus (2.98%), Ceratium (2.73%), Cosmarium (2.73%), Oocystis (2.73%) and Chrysococcus (2.49%) under Chlorophyceae, Euglena (2.98%) under Euglenophyceae, Oscillatoria (1.73%), Gloeocapsa (1.73%) and Nostoc (1.73%) under Cyanophyceae, Navicula (3.98%) and Fragilaria (3.72%) under Bacillariophyceae. In contrast, the least dominant genera of phytoplankton were Oedogonium (1.07%), Tetraodon (1.24%), Pediastrum (1.24%) and Actinastrum (1.24%) under Chlorophyceae, Phacus (1.98%) under Euglenophyceae, Anabaena (1.00%), and Aphanocapsa (1.00%) under Cyanophyceae, Melosira (1.49%), Tabellaria (1.73%) and Actinella (1.73%) under Bacillariophyceae. The dominant genera in zooplankton population were Brachionus (3.23%) and Polyartha (2.98%) under Rotifera, Diaphanosoma (2.73%) under Cladocera and Nauplius (3.23%) and Cyclops (2.98%) under Copepoda. On the other hand, the least dominant genera of zooplankton were Keratella (1.735%) and Trichocerca (2.23%) under in Rotifera, Daphnia (1.73%) under Cladocera and Diaptomus (1.49%) under Copepoda (Tab. 3).
Plankton population in the gut contents of A. mola
The phytoplankton population recorded in the gut contents of A. mola was also divided into 4 groups viz., Chlorophyceae, Eugleno-phyceae, Cyanophyceae and Bacillariophyceae (Tab. 4). The total number of phytoplankton genera recorded in the gut contents of A. mola was 32 of which 17 were under Chlorophyceae, 2 under Euglenophyceae, 7 under Cyanophyceae and 6 under Bacillariophyceae (Tab. 4). Among the 4 groups of phytoplankton Chlorophyceae was the most dominant group in the gut contents of A. mola both by percentage in number (45.12%) and percentage of frequency of occurrence (100%), which was closely followed by Bacillariophyceae (34.10% in number and 100% in occurrence) (Tab. 5, Figs. 1 and 2) . Among all the food groups Euglenophyceae was found to be the least dominant food group.
On the other hand, the zooplankton population recorded in the gut contents of A. mola was divided into 3 groups viz., Rotifera, Cladocera and Copepoda. A total of 8 genera of zooplankton were recorded in the gut contents of A. mola. Out of 8 genera, 3 were under Rotifera, 2 under Cladocera and 3 under Copepoda. Cladocera was the most dominant zooplankton group in the gut contents of A. mola (2.04% in number and 43% in occurrence) which was closely followed by Rotifera and Copepoda (Tab. 5, Figs. 1 and 2 ).
Generic abundance of plankton population in the gut contents of A. mola
The generic abundance of plankton population in the gut contents were determined by percentage of frequency of occurrence and percentage in number are presented in the table 6. Among all the genera of phytoplankton Navicula was found to be the most dominant genus (22.59% in number and 91.42% by occurrence) followed by Chlorella, Closterium, Fragilaria, Chrysococcus, Oscillatoria, Gomphosphaeria, Ceratium, Ulothrix, Scnedesmus and Ankistrodesmus. Among zooplankton Diaphanosoma was found to be the most dominant genera, which contributed 25.71% by percentage of frequency of occurrence and 1.10% by percentage in number (Tab. 6).
Relative abundance of food item in the gut contents of A. mola in relation to their availability in the water of rice fields
The relative abundance of different food item in the gut contents of A. mola in relation to their availability in the water of rice fields was determined by percentage in number (Tabs. 3 and 6). Among different genera of phytoplankton Navicula, Fragilaria, Chlorella, Chrysococcus, Closterium, Oscillatoria and Gompho-sphaeria were found abundant both in the water of the rice field and in the gut contents of A. mola, indicating that, these genera are preferred food of this fish. Though the genera such as Gonatogygm, Oocystis, Aphanocapsa and Nostoc were found abundantly in the water of the rice fields but they were not recorded in the gut content of the fish indicating their absence in the preference list of food of A. mola.
On the other hand, among the zooplankton, Cyclops, Diaphanosoma, Keratella and Polyarthra were found to occur more or less abundantly both in the gut contents of fish as well as in the water of rice plots which point out that, these genera are preferred by the Mola carplet. However, Asplanchna and Filinia recorded abundantly in the water of rice field but were absent in the gut contents. 
Discussion
Water quality parameters
The water quality parameters were recorded during the study period was found within the acceptable ranges. Among the water quality parameters, water temperature is an important factor that influences the physicochemical and biological properties of water body. In the present study, water temperature was found to lie between 27.33°to 29.40°C which are in accordance to those reported by Ali (1990) and Ghosh (1992) . Dissolved oxygen is the most critical chemical factor in water especially in rice fields. The values of dissolved oxygen were found to vary between 4.01 mg/1 to 4.40 mg/1. This finding is more or less similar to the findings of Ghosh (1992) and Uddin (1998) . Additionally, in both the plots, the values of pH were slightly alkaline, ranged from 6.26 to 7.31, which is very close to the value of 7.3 obtained by Uddin (1998) in his experiment in rice-fish culture.
The concentration of chlorophyll a ranged from 11.73 µg/1 to 22.73 µg/1 during the present study. Values obtained during present study were within the range of 14.70 µg/1 to 55.0 µg/1 reported by Uddin (1998) . However, the value of chlorophyll a (45.2 µg/1) reported by Ali (1990) in rice fields was much higher than the values obtained in the present study. Nonetheless, the values of chlorophyll a showed wide variations during the period of study, which might be associated with the grazing pressure of fishes as well as water level fluctuation within the study plots due to heavy rainfall.
The values of Nitrate-Nitrogen (NO 3 -N) in the water of rice fields fluctuated between 2.05 mg/1 and 3.16 mg/1 during the study indicating that the water of the study plots was highly productive (Alikunhi, 1957 ). However, the nitrate level (0.02 mg/1 to 2.6 mg/1) reported by Ghosh (1992) is almost similar to the values obtained in the present study. Whereas the range reported by Ali (1990) (0.22 mg/1 to 2.30 mg/1) and Whitton et al. (1988) (0.006 mg/1 to 0.05 mg/1) in the water of rice fields were far less than the values of the present study. The higher values found in the present study may be due to the application of TSP in the rice plots.
Plankton population in the water of rice plots
The phytoplankton population recorded in the present study was grouped as Chlorophyceae, Euglenophyceae, Cyanophyceae and Bacillariophyceae and zooplankton population as Rotifera, Cladocera and Copepoda. In this study a total of 37 genera of phytoplankton and 11 genera zooplankton were documented. Dewan et al. (1991) identified 27 genera of phytoplankton belonging to Chlorophyceae, Cyanophyceae, Bacillariophyceae and Euglenophyceae and 9 genera of zooplankton belonging to Hydrozoa, Rotifera and Crustacea in their study which closely match the findings of the present study.
Among 4 groups of phytoplankton Chlorophyceae was the most dominant group, which was closely followed by Bacillariophyceae and Euglenophyceae. Sah et al. (1971) also reported similar results. However, during the study, phytoplankton population was highly dominant over the zooplankton population. These findings are in accordance to the findings of Chowdury (1999) .
Plankton population in the gut contents of A. mola Gut content analysis revealed a sum of 32 genera of phytoplankton belonging to Chlorophyceae (17), Euglenophyceae (2), Cyanophyceae (7) and Bacillariophyceae (6) and 8 genera of zooplankton under Rotifera (3), Cladocera (2) and Copepoda (3). Likewise, Mamun et al. (2004) reported 25 genera of phytoplankton belonging to Chlorophyceae (13), Euglenophyceae (2), Cyanophyceae (5), Bacillariophyceae (5) and 6 genera of zooplankton belonging to Rotifera (4) and Crustacea (2) in the gut contents of the Mola carplet from the Kaptai Lake, Bangladesh.
Among the 4 groups of phytoplankton, Chlorophyceae was found to be the most dominant and preferred food group, which was followed by Bacillariophyceae, Cyanophyceae and Euglenophyceae. Furthermore, among all the genera of phytoplankton Navicula was the most preferred and dominant genus followed by Chlorella, Closterium, Fragilaria, Chrysococcus, Oscillatoria, Gomphosphaeria, Ceratium, Ulothrix, Scenedesmus and Ankistrodesmus. On the other hand, Diaphanosoma was the most preferred and dominant zooplankton. Overall, Navicula, Fragilaria, Chlorella, Chrysococcus, Closterium, Oscillatoria and Gomphosphaeria were found abundant both in the water of the rice plots and in the gut contents of A. mola indicating that, these genera are preferred food of this fish in the rice field ecosystem.
In another study on the food and feeding habits of A. mola in the wetland ecosystem of West Bengal India, Gupta and Benerjee (2013) categorized the gut materials into Chlorophyceae, Bacillariophyceae, Cyanophyceae, Euglenophyceae, Rotifera, planktonic Crustacean, plant parts and unidentified parts. According to the Index Preponderance value they reported Chlorophyceae as the most dominant and preferred food items of A. mola. Followed by Bacillariophyceae, Cyanophyceae, Euglenophyceae, Rotifera, Planktonic crustacean, unidentified parts and plant parts. Therefore, they conclude by stating A. mola as herbivorous fish, preferably feeding on Chlorophyceae. Dewan (1973) and Chowdhury (1999) also recorded phytoplankton as the most dominant food group in the gut contents of A. mola. Accordingly, the results of this study also revealed that, phytoplankton is the most dominant food contributing 94.38% of the gut contents' composition of A. mola while zooplankton contributed only 5.62%. The results of this study proved that A. mola is planktivorous fish, feeding mainly on phytoplankton and is a suitable species for integrated rice-fish farming.
